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MILITARY CURRICULUM MATERTALS

The military-developed curriculun materials in this course
- package were selected by the National Center for Research in
,Vocational Education Military Qurriculum Project for dissem~
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose Of
disseminating these courses was to make curriculum materials
developed by the military more accessible #0 vocational
educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissrmination. Materials which were specific to the nmilitary
were deleted, copyrighted materials were either omitted or appro-

‘val for their use was obtained. These course packages contain
curriculuam rescurce materiale which can be adapted to support
vocational instruction and curriculum development.
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Military .
Curriculum Materials
Dissemination ls . ..

*
bor esarta ” ——— ALY 4.";

an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project. funded by the U.S. Office of
Cducation, includes the identification and
acquisition of curriculum materials in print
form f the Coest Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is

provided through a “Joint Memorandum of
Understanding’’ between the U.S. Qffice of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter speciaiists, and coursgs
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative to
scquire the materials and condutt the project
activities.

Project Staff:
Wesley E. Budke, Ph.D., Director
Natioridl Center Clearinghouse

Shirley A, Chase, Ph.D.
Project Director

What Materials .
Are Available?

R T

One hundred twenty courses on microfiche
{thirteen in paper form} and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation. s

Course materials include programmed
instruction, curricujurn outlines, instructcr
guides, student workoooks and technical
manuals,

The 120 courses represent the following
six teen vocational subject areas:

Food Service

Health

Heating & Air
Candivioning

Machine Shop

Management &
Supervision

Meteorology &

Agriculture
Aviation
Building &
Construction
Trades
Clerical
Qtcupations
Communications
- Drafting Navigation
Efectronics Photography
Engine Mechanics - Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemsination.

How Can These
Materials Be Obtained?
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Contact the Curriculum Coordination Center
in your region for informaticn on obtaining
materials {e.g., availability and cost). They
will respond to your request directly or refer
you to an instructional materials agency

closer to you.

CURRICULLIM COORDINATION CENTERS

EAST CENTRAL
Rebecca S. Douglass
Director

100 North First Street
Springfield, IL 62777
217/782-0759

MIDWEST

Robert Patton
Director

1515 Wast Sixth Ave.
Stiliwater, OK 74704
405/377.,2000

NORTHEAST

Joseph F. Kelly, Ph.D.
Director

225 Wast State Street
Trenton, NJ 0B625
609/292-6562

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST

James F. Shill, Ph.D.
Director

Mississippi State Unlversity
‘Drawer DX

Mississippi State, MS-33762 .
601/325-2610

WESTERN

Lawrence F. H. Zane, Ph.D.
Director

1776 University Ave. 5

. Honolylu, HI 96822

B0B/948-7834
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Military Curriculu

The National Center
‘Mission Statement
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The National Conter for Reseesrch in
Vocationa! Education’s mission is to increase
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
terms relating to individual carcer planning,
preparation, and progression. The National
Center fulfills its mission by:

* Generating knowledge through research

¢ Developing educational programs and
products °

+ Evaluating individual program needs
and outcomes

¢ Installing educational programs and
products ¢

¢ Onerating information systems and
services

¢ Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Ce:-riculum Materials
WRITE OR CA L
Prograin Infoimation Office
The National Center for Research in Vocational
Education
The Ohio State University  *
1960 Kenny Road, Cofumbus, Ohio 43210
Telephone: $14/486-365% or Toll Free 800/
848-4815 within the continental US,
{excapt Ohio)

~ Materials for
Vocational and
Techrical Education
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OVERVIEW"
MIDULE SEVEN

o @ Combinatlon Circuits and Voltage Dividers

In this module, you will learn to appiy the rules you learned for
series and parallel circuits to more complex circuits called series-
parallel circuits. You will discover the utility of a common re-

ference when making reference to voitage values and learn how to
obtain a required voltage from a voltage divider network.

For you to more easily learn the above, this module has Been diwided

into the following three lessons:

s

: ; ” .
Lesson 1. Solving Complex Circuits « « + + « « « + o+ .
Lesson |i. Voltage Reference . . . . . . . .
Lesson 111.° Voltage Dividers . . . « + . . .

TURN TO THE FOLLOWING PAGE AND BEGIN LESSON |I.
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Overview ‘ Seven-I

OVERVIEW .
LESSON |

Solving Complex Clrcuits -

In thls lesson, you will study and leprn about the following:

3 -
v o . ~composing and revlewing rules for

series and parallel clrcuits .
~redrawing clreuits
-flndlﬁg equivalent resistance
-finding total reslstanaﬁF
~solving for dranch currents
-solving for voltage drops

5 - -
" BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES -

ON THE NEXT FAGE,

¥




Study Resources Seven=-1

; o4
L1ST OF STUDY RESOURCES

gfsson |
3 Q.;!_\

Solving Complex Circuits

To learn the materlal in thls-‘lesson, you have the option of
choosing, according to your experience and preferences, any or
all of the followlng: -
“\-STUDY BOOKLET: i
‘ Lesson Narratlve
Programmed Instructlion
Lesson Summary t
ENR}CH&ENT MATERTAL:
NAVPERS 93400A-1a 'Basic Electriclty, Dlrect Current."
Fundamentals of Electroni¢cs. Burcau of Naval Personnel.
Washlngton, D.C.: U.S. Government Priﬁting Office, 1965,
] . Rl
YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES L1STED ABOVE. YOU
MAY TAKE THE PROGRESS caecx AT ANY TIME. N
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" NARRAT IVE .
LESSON |

Solving Complex Circuits

You have alre learned about series glrcuits and parallel
clreuits, buriggabwill seldom be working with either of these
as skparate clrcuits. Most networks you will encounter will

be combinations of these two types. We have several names for
these -- seriestparaliel ~ircuits, combination circuits, or
complex circuits. Your power supply is an example of a series-
parallel network.

To
ser.
the n

paralie,.

4

~omplex circuits, you need to apply the rules for

cuits to the circuit components wlred in series and
for parallel circuits to the circuit components in

For thls reason, ler's compare and review the rules
for serles and parallel circuits.

2z

\

Comparison and Review of Rules for Series and Paraliel

Current

SERIES

PARALLEL .

Equal to'sum of branch
currents,(Kirchhoff's
Current Law). ’

IT = II + 12 + I3 + ..

Voltage

Sum of voltage drops
equals applied voltage
(Kirchhoff's Voltage
Law).

Ea = E] + Ez“i‘ 53 + ...

Common

Ea = EI = E2 = E3 = fes

: \
Res istance \
f

/

Resistances are
additive.

RT = Rl + R2 + R3 + ...

Tota! resistance 15 the
equivalent resistance

as seen by the source
and Is always smaller
than the smallest brapch
resistance,

Solved by:

1} Reciprocal method:

1

Re™ T7RT + 17R2 = 1773

(CONTINUED NEXT PAGE)
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2) Equal Branches:

® ; . _9one resistor
. T number of branches

3) Product Over Sum:

' R] x R2
Re= RT + RZ
. . 1s always less than the

Jﬁéllest resistor.

- - Branch reslstance controls
. brancq_current.
Power T is equal to the sum Same as for series:
s . o¥ power conSumptions PT = P] + P2 + P3 + ...+ P

of indfvidual reslst- "

an<es.

Redrawlng

* -

You will often find that a circult in an Instruction book or
blueprint Is hard to use bedause it shows many sections of the
system which do'not concern you at the moment. You may have to
redraw the section you are concerned with to get a better ldea of
how it works. A good way to do this Is to follow the electron

o " flow through the network, drawing each part or junctlon as you
proceed. *

An overall schematic of the Simpson Model 260-5P multimeter ls
on the hext page.
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Harratlve Seven-i

|f your meter js Inoparative on the 1000 VDC range only, there is
no need td check all the components in the meter. Here is a draw-

Ing showing only the 1000 VDC section.

AN E YTy
. £

- . This schematic was drawn by starting at the common (-) jack"
. (assuming the metér was set up for +DC, 1000 v operation) and
# by tracing the current fath througn the circuits. The only com-
ponents shown are the ones that carry current, and no switches
are shown. £y 5W-2 SW-1 R-27 M-l SW-1  R-10

It g usually helpful to reduce a section to Jts simplast form.
This process Is sometimes called complex-circuit reduction or

simpliflcation.

This schematic illustrates a series-paralle circuit. Observe
that Rl 1s In serles with the source. However, R2 and R3 are

not directly In series. They make up a parallel network within ,the
configuration., To gee this,
trace the path of current from
the source through "° to point A,
At point A, current divides be-
tween the two branches of the
parallel network, and then comes
together again at point 8 and
continues to the source.

anglng Parallel Equivalent Resistance b

To solve for total zircuit resistance, we first need to find the
equivalent resistance of the paraliel network.

-

What js the Req of R2 and R3?

. »
8y using the equal branch method you foupd that Req - %-ﬂ %Q =50,

Now that you know the equivalent resistance of the parallel
branches, you can simplify the complex circuit and redraw it In

this manner:

0A'A n
Ry 5Q
—T—Wov e < 100 :
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Notice that the R, in the reduced clrcult represents the
equivalent resist8fce of the parallel branches. Now the com-
binatlon circult has been simplified to a series clicuit with
two reslistances.

Finding Total Reslstance

i

You can fut'ther reduce the circuit to a circult with one resistance.
This can bs accomplished by adding the two resistances In series to
combine them Into one representative resistance value, which is
total reslstance of the complex circuit -~ 10 ohms.

R3

100 10v 100

You have now redrawn the complex circuit twice.

Once the clrcult is reduced to its simplest form, it is a simple .
matter to solve a series-parallel clreuit for other values.

What is IT for the circult above? ) .

) E
By Ohm's Law, you. found that IT = -R-Tg- = la®
Observe that you have taken three steps toward soiving.for quantities
in the complex circult. ‘

I. Flnd R of the garallel network and redraw the circult to

- reflecER__.
2. Find totaTdresistance and reduce circuit to its simpiest form.

3. Find total current by using Ohm's Law.

See If you can follow the three steps to solve for total current
in the serles-parallel circuit below.

R; 50 Rz 102 N
——_fa RatoR
By ~ 3
Ry 5Q
AN

10 7% \
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¥

-

d You must first decide which resistors are directly In series
with the source. That Is, through which resistors does total
current flow?

You can see by tracing the path of current from the negative ter-

minal that total current flows through Rl and R:. Current divides, -
however, through the parallet network, so that total current does

not flow through R2 or R3.

) Step 1. .
Ce Find R of the parallel] network and redraw the circuit to
reflec%qReq. Req =
: , LS
-~ _Wv
Ry 50
‘ — b R310Q
15v
Rg 50
AN

You could have calculated R (R2 and R3) by the equa! resistors
method =- dividing 10 ohms 59 the number of branches, 2; Req w54

The redrawn circuit looks like this:

” 50 ‘
L €o Req
' ey 15 - . 5Q
R4 30
—AN

Step 2.
_FiInd the total resistance (equivalant resistance} of the total
clrecult, and reduce the complex circuit to its slwplest form. -
R, = ’ .
T

"

-

||
|
|




® Harratlive Seven-i

Recall that (n a serles circuit RT = Rl + Req + R,

Thus: J_ .
fa Ry 150 .

e Ry = 50 + 50 + 50 = 15Q

Having found total resisfance, and knowing the applied voltage,

you can calculate total current. . >
Step 3.
Applying Ohm's Law, find total current. IT = .
£ .
a i5 v .
= RT o T-g-—s_z- - Ia ‘\‘ .
After you have completed these three steps, you can solve for ) “
branch currents through the parallel network and voltage drops N

across individual resistors.

Solving for Branch Currents

Sometimes we can solve for branch currents when we know tota!
current by tracing the path of current flgw. Again lonking at
our cchplex circuit, let's solve for IRz and iR3’

AAAY
A R 100 B
1{‘;5 1 We know that total current from

1 the negative terminal of the source
is ¥ amp. Therefore, | amp of ]
current flows through Rl. At .
point A, current divides and flows '
R. 50 through the two parallel branches.

4 Because R2 and R3 are equal,
AN Y current divides equally so that .5

amp flows ough each branch.

Thus ‘37 .5 aand | .5 a. Then at point B, the two branch
currencs of .5 amp eacg unite to become total current of 1 amp
again. One amp flows through R5 and back to the source.

r

Ea R, OO
s 3
-

Another approach to finding branch current is to first solve for - "
the. voltage drops across each ‘resistor, then determine branch
current by Ohm's Law. , -

Y

12 19
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Solving for Voltage Orops

Agaln looking at this clrcuit, we already know that total current

1s | amp. By ohm's Law, if 1 amp of current flows through Rl and

the resistance of Rl 1s 5 ohms, then E . must be 5 volts. Similarly,
R E,, 15 aiso 5 volts. Therefore,
across Rl and R4, we have 10 voits
dropped. We know the applied voit-
age is 15 volts. By subtracting
10 volts from the 15 volts, we dis-
cover the voltage drop across the
equivalent resistance must be §
voits, according to Kirchhoff's
Law -- the sum of the voltage drops
in series equals the applied voltage.

As voltage Is common In a parallel circuit, what Is the voltage
drop across R2? - . Across R37

=5vy, E 3™ S v. Now that you know the voltage drops, you
cgn solve foﬁ current through each leg of the parallel network.

. E
R2 Sv
lR? =T = .5 a or 500 ma
R3 is equal to R2; therefore, (R3 = 500 ma. :

There 1s another approach to find the voitage drops and current
through the branches of the parallel network.

We know that current in this

A - B clrcult Is 1 amp until It gets
\"’_ Ra 109 to point A. At point A, current
A A A 2 does not see two resistors of
[~ Ry 59 10 ohms each; Instead, It sees the
[-v* ___IVNJ\r-‘J eaulvalent resistance of 5 ohms;
1 then voltage across the paraliel
S f;v ’ R3 104 network is 5 volts. 15 x R = Sy,

In a paraliel network, voltaae is

common' therefore, E = § v and

Pe - 3¥4 -
83 Sv. -

= ~AAA—————

-

Knowing E and R of each branch in the parallel network, 1ind

IR2 and ‘RB’ | )
R2
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By uslng a different approach, you have again found that TRZ and
IR3 are each .5 amns.

Let's solve a complex circui* with unequal resistors in the parallel ¢
network == one 3-ohm resistor and one é-ohm resistor.

N M_
Ry 150 l
Ry R3

S22 Sen

Rg 35

LY
o
-

Step One. ;
Find Req of RZ and R3. Redraw circuit.

.,
Y

. We can find R__ of R2 and R3 by the reciprocal method.

Recall the foffula:

-

NOTE: Recall that you can alsu find R of RZ and R3 by, the
product over the sum method: .

_W'
R; 150
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Step Two.
Find R.I.. fledraw circuit. RT -__

- Once youpfind the R__, you .an add

‘ . 1 te ' the values of the twd resistors and |
—— 20V 200 the Req to find RT = 20 Q. ! ! ' .

Step three. -

o Find 1. dp=__ _° R .
' . 20
By Ohm's Law, If Ry is 26 ohms, and E, is 20 volts, then | = Too= la.
Now to solve for circuit voltage drops and branch current, we
*  can use. either of the two procedures we discussed previousiy.
The Voltage Dfop Approach
" This approach adds up the voltage drops across resistances
directly In serfes with the source, then subtracts thls total
t from the amount of applied voltage. The remainder then Is -the : .
 voltage, drop across the equivatent resistance. as shown below.
~
_ ) E = IR
A Eny - I‘a x 150
Lgs R2 Sy £.. = I5v .
1 a gész R} . ‘.
g‘ ER# = la x 30 -
AN P
) 39 ’ Eak = 3V -. .
* ! E
22 :
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ERI+'ERh = |15v + 3v = 18v .

"

i - 20v; thus 20v - 18v = 2v drop across Req.

Voltage |s common in a parallel network: E is 2 volts: there- :

¢ fore, E 3 is 2 volts. Then we can find branch currents in this
manner.
E 2v e
Current through R2: Il =gor g, = I
. R2 .667a or 667ma .
. 2 2v . ©
qurent through R3: IR3 r e} ..}a or 333 ma _

- . *

The alternative approach solves first for voltage across the

equivalent resistance, then accordingly solves for branch currents
in the parallel network.

El

Here, current sees the equivalent

g AN A resistance .of the parallel circuit --
'l- R; 150 - 2 ohms. Voltage across
kEa R -
B ‘ 2 Ry R_=E=IR
R, 39 30 q -
4 69 E=1la x 20 o
AR 3 . .

E =2y

3

Thus, the voltage drop across R2 is 2 vwolts and across R3 Is 2 volts.

N

4 -
~

Then you can figure current through the reslstors in parallel:
2v -

As you can see, using alther method, we' can solve the complex
clrcults, - .

Another Configuratlon

. L

The flist step in solving a complex circult Js to reduce the
clrecult to a basic circuit. Let's look at another serles- .
paraliel conflguration and see how we go about solving it. Notlce
that in this circult, R2 and

R3 are In serles within a '
Ry parallel branch. ‘ -
won .
— %o
—— . !‘
Ry
200 00

‘ ;):‘ : T | . ;‘lfﬂ?éi
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To reduce thls clrcuit, it is necessary first to determine the
equivalent of 5g_and'5§, Resistances in series are additive;

. therefore, resistance in the
second branch of the parallel
network is 20 ohms, and we can
1 e Req redraw the circuit in this way.
—=-10v > R 200 o

A—— +

209 -

]

<
1

Then we can further reduce the network to a basic series circuit by
finding the equivalent resistance of the parallel network, and re-
drawing the circult. After we
have reduced the circult to a
basic series circuit, we can

‘ J_ apply Ohm's Law and rules for
Eu ‘ series and paralial to solve for
- . :;Q any quantity in the complex circuit.

Practice

1. By the methods you have just learned, find the follawing.
quantities In this circuit.

RT= .
. = l R 20
T - Rg

ERI” ’ v 409

H *

lOQ

Era = ——

Bpg = —

gy = ' * " Recall that redrawing the circuit :elps’
to understand 1t and solve it.
R2 & ——— o

IR3 =

Py =

Answers begin on page 19

17




2 ', *

. Vg

) Narraé#ve ‘ ’ . " Seven-i
Practlce .
AN
2. Ry 50 .
Re
2.80 ]
—7Ea ’
.00y .

. Ry

2.50 ] .

Note: This configuration is a little more complex than ' ‘
. those yqu have previously worked. Ask yourself whether R3 '
" Is In parallel of in series with R4 and R5. The guestion

\ to ask is: How many paths are there for current flow? ‘
. Reduce the cirﬁuit. Solve for: : ¢

ro— Erg" —— :
Iy lppr —
Eap . g — ) N

’ Erp — lagr ——
Epgs ——— g — | .

ERye —— ‘
g Practice , -

’

3. Using rules for series and parallel éircuits and methods you

‘ have just learned, you can solve for any quantity in.a com-
plex circult even when resistance values are unknown. Solve
0 L]
for R3. _ o
\L/
) RBA‘ -—-'——-H ¥ ! Csm -
L4 ) '
. ——.:l:“ 2 Jns
M4y ;
éma
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. Reductior: *
/
Ry = 108 Tay = ha
- - . T 40v 109
. ERI 8v \ 'R3 3.2a
ERZ = 32v PT = 160w )
. aER3 = 32v
* % , ,
2. . Redraw to: . )
= 59 )
rp=ton [ , 1 req -
- Ea WO
lT“" Ioa mv Ioﬂ - .
Epy = S0V (adding in series
T R3, Rh, and 85)
ER2 = 50v
AL ' N
) ’ER3 = 25y 4 1 (finding 2quivalent
- ) ) A Req of parallel net-
.. .. ER!; = 12.5v Ta 59 work)
v ’ 100' +.
ERS = 12.5?
bpp s %8 - - \
. lg3.= 58 . * (adding equivalent
. : ' = e Reg resistance + Rl)
= “ﬂ ’ =
’ R e 108
. 'RS = 5a . | )
i
f -~
- L]
-~
) 19 26
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3. You know that:
E = 2hv
a
Eay = 14y

therefore, the voltage drop across the parallel
network must be 10 volts. -

If there Is a total current of 8ma and current through R2 Is
6ma, then current through R3 = 2ma.

n\"}--

If lR3"-_2m’ al'ld. -

ER3- 10v, o 1, @

" then R3 = 5k

+
.Y

-~

<

AT THIS POINT, YOU MAY TAKE THE PROGRESS. CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESDURCES LISTED. If YOU TAKE THE PROGRESS CHECK
AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO , TO THE NEXT LESSON.
[F NOT, STUDY ANY METHOD OF INSTRUCTION'YOU WISH UNTIL YOU CAN
ANSWER ALL THE QUESTIONS CORRECTLY.

LY

L[]
. . . .
.
- - - u
« . / . » -~
. - . .
. .
morselh . . - = e - .o .. . - -
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PROGRAMMED INSTRUCTION
LESSON |

L

Sq]ving Complex Circults

TEST FRAMES ARE 17, 34, AND38. AS BEFORE, GO FIRST TO TEST FRAME
17 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE
DIRECTIONS GIVEN AFTER THE TEST FRAME.

-

]. A serles-parallel clircuit Is a circuit which contains elements
of both 'serles and parallel circuits. There is a portion of the
‘circuit which has source voltage dlvided among loads, and there
Is at least two junctions where currents dlvide and/or combine.

A circuit which is made up of both series and parallel sections
Is called a circuit. '

——————————— L . . T I I L. . T

/

(ceries~parallel) i

2. The simplest form of a series-paralle] circuit requires three
resistors (or some other ioad devices), and these three
components may be arranged in elther of two ways to meet our
definition. | ;

-

The components making up the parallei network of Eircuit A are
and . .

(R2, R3)

3. The serles network of circuit'B‘in frame 2 is composed of
. and

————— e e we ww w w m ow e

{R2, R3) .




-

L]

. .

4.~ Draw a schematic dlagram of a serles-parallel circuit consisting

of a source, a swltch, a fuse, three resistors and the wiring to

connect them so that the fuse and switch control current through

. all three resistors in the serles-parallel connaction. Label all
comporients with appropriate circult symbols.

g

or

5. Actual clrcults are complicated and seldom follow neat patterns.
For this reason, you must learn to systematically trace the current
path to simplify the circult schematlc.

On the following page is a schematic of the Simpson 260-5P multimeter.
You can see that the current path through the circuit Is not readlly
apparent. We will follow a step=by-step procedure through the
schematlc and redraw one of the many possible current paths.

-

What Is the purpose for redrawing a complicated schematic diagram?

a o o Em e W e S m Em G Em W m W e - e W Em Em oa o m m m o e oS Em o o oA oy o

{To simpilfy the schematic and make it more easily understood.)

29

22

I

- S . -
S S T —— -
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6. Look at the schematic In frame 5. At the bottom you see the
positions of both the Range Selector (SW1) -and the Function
Switch (SW2). Directly above the 1000 v and the -DC positions
you see a number of switch contacts represented by and con-
nected by dotted Ilnes.

When the switch poslition is changed, the contacts ganged by the
dotted lines move in the same direction at the same tims. The

schematic Indicates both switches In the fully counterclockwise
positlon. .

Rotate the Function Switch one position clockwise and list the
numbe;s of the contucts moved and the direction moved {ieft or
right).

{Contacts 1, 7, and 2 each move gne positlon to the right.)

7. One more thing about the switch contacts and we will get started.

The switch contacts designated by are movable, you see contacts

des ignated by or s these contacts remain stationary as

the switch position Is changed. Note that the movable contacts
_touch different stationary contacts when the switch Is moved.

Indicate by number the movakle contacts of the Range Selector In
the 1000 v positson and the non-moving contacts which they touch.

(1,3 and 12 touch 2; 7 touches none%fz touches 2; 9 touches none;
6 touches 3 and 5; 1 touches 1)

8. All of this simply means that {f two switch contacts are touching,
current can fiow from one to the other. iy

In frame 6, the function switch was rotated clockwise, to the +DC

position. indicate by number the movable-contacts and the contacts

they touch. -

{1 touches none; 7 touches 93 2 touches #)

{(Remember this because as we go through the schematic the Function
Switch is to be in the +DC position.)

&

*
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9. Take a look at the schematic again. Notice conductors crossing
Tn two ways: and

indicates a crossing but no connection.

-

| lﬁdicates ) .

{a connectlon)

10. Let's set up the condit.ons of the circuit.

t. Range Switch - 1000 v position.
2. Function Switch = -+ DC positlon.
3. Starting Point - Common (=) jack.

(You could pick any point to start. We . cted this point since
we are tracing current, and electrons will enter at thls point.)

With the common (=) iack as the starting point, the first component
the electrons enter is .

(Fuse F1)

1t. Drawing the circuit as we go, we have:

Common Ri 7
The current is now at movable contact No. 7 of " :ne Function

{Contact No. 9 of the Function Switch)




5_;‘;\?‘.-‘.‘:‘,_.“...‘“ g Pyt
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o

12, Now you have a decision to make. Does the current q0 to the
right or to the lteft at the junction? Let's take a look at the

conductoyg going to the right.

Can current flow through this conductor?
Why?

-eEm e m e m om OEm Em Om OEm m o W om o W S Em o W o o om om M o o M m W e @M o om o= om

(No. Contact No. 3 of the Function Switch is open.)

13. So we go to the left, and we have this much of the schematic

redrawn.

SW-2 SW-1 )
The current comes to a series of junctions. What is the. next
component through which It flows? N

T

v B 26
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14, From here the current flows through the meter movement.. Complete
the tracing of the circuit and complete the circuit below.

) Sw $ R-27 M-

w
N : O— "\ —DO—ODE T
2_ 1

wW-2 . - . . ; _. ) h
F '0 9 "\?7 R0 nu ® RS | |

<

: -
R-14" R-18 SW-1 swe2 Jack
(2) 20:02m0:0)

{1f your circuit doesn't agree wl:h this one and you cannot

determine the problem upon re-examination of the schematic,
check with your learning sypervisor.)

The purpose for all of this is to get you to think and see the
importance of following a logical process when dealing with
" complicated circuits. You will not be required to solve any-

thing nearly so complicated in this school, although you will
N in later training schools.

Now let's get back to a simple Series-paré1lel*circui;;vbut
remember: WORK IN A SYSTEMATIC MANNER AND FOLLOW THE CURRENT.

27 35. ) . .
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15. if the values of all the ioad devices in a series-parallel group
are known, the value of an equivalent resistor may be found by
combining the methods used for series connections with those used
for parallel circuits. To further understand this process, follow
these steps:

-

First, let's find the equivalent
resistance for the parallel por-
tion of our circuit.

The circuit can be redrawn to

R show RI in series with the R
. eq
] 50 of R2 and R3 found above. We
e can now reduce this series circuit . .
T —. ) to its equivalent resistance which
Req is Re.
5Q
J »
RT +
“ . 1 *
‘ —_ ”;
109 You have.now found that the
‘ resistance is equal to 10 ohms,
' ~ and we can replace the entire
series-parallel petwork with a
single equivalent resistance
: - of 10 ohms. -
. This is known as complex circuit reduction or simplification. i

p
J|
II
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15. cont'd.
Simplify the circuit below and redraw. .
: Ry
- ¥ _ 100
.o b Ry <y
200 < 200
—Es Re 200
N
A
s
- e
”

29 37
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16. Now a rather complex circuit will be used to demonstrate most ~f
the situations which you might meet Tn practical work. Examining
. the circuit below, you can see that it is made up of groups of -
series and parallel networks. Let's work this problem through to
its simplest form. ) .

Find Req(a) [i.e., R4 ard R5):

* R Eeq(é) -

Find R

eq(b) [i.e., R2 and Req(a)]: . .

Req(b) =

+

. ‘g .
Find Req(c) fi.e., R3 and Req(b)]'

Reqle) = —

Find R.. (Req of the entire circuity)

R =
Ry T,
4 49 Ry WQ :
— ks

lqﬂﬁgj-:r Es ) ‘

‘Now find the total resistance for the following circuit.
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17. Redraw this cbrcuft, first to show a series circuit with Rl and
Req (R2 and R3), then redraw again to show a series circuit with

one reslstor (Include ohmic value).

: Circuit Reduction 1
b a‘
L 639 .
-.-_ ta Ri ls
209 00 Circuit Reduction 2

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.}

. e 39
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ANSWERS - TEST FRAME 17

N

L L . T

IF ALL YOUR AMSWERS MATCH THE *CORRECT ANSWERS, YOU MAY GO ON TO TEST
FRAME 34. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED
SCQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

* -

18. Since these curcuits are part series and oart parallel, this
seems {ke 3 good place to review these ¢ircuits. Fil1l In the
blanks in each of the following statements about a series cir-
cuit-with the viord or phrase which completes it.

.« There is/are path(s} for current.
2. Current is . throughout the circuit.
. The equivalent resistance is equal <o the
of the individual resistancas.
The across each load dthCe is pr0portlonal
*Yo its resistance.
The sum of all the voltage drops around a circuit is equal
to - .,
Total power dissipated in the circuit is equal to the sum

I!ITF
I

{1. one; 2. the same; 3. sum; k. voltage, voltage drop,
poteptial difference, etc.; 5. source voltage; 6. power
dissipated in each indlvidaai load device.) .

4

‘!

-
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19. In a parallel circuit:

1. There [s/are current path(s).
2. Is tha same for each branch of the
circuit. - ’
. 3. in any branch is Inversely pro-
portional to the resistance of the branch. :
4. Total current equals the sum of the .
- 5. Total resistance equals the reciprocal of the sum of the .
| . 6 reciprocals of the

- Total power dissipated Is” equal to “the sum of the

~ e
(1. more than one; 2. voltage or potentlial difference; 3. current;
4. branch currents; 5. resistances of each branch; 6. power
dissipcted by each resistor)

20. In this series-parallel circult, which resistors have total
current flowing through them?

50
NN *2 54
®y 100 ‘
' 4. y R, 50
——Q0v
- Rq 7.50
AN
------ * - - - - - - - - (I‘ - -— - - - L) - - -— - - - - - - - - - - - -

-

-~ (R] and R%; the current |s split between R2 and R3} -

21. Find the equlvalent reslistance of the parallel petwork In frame
. 20. . .
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23. Slince you know Es and RT‘ find ‘T using Ohm's Law.”

- s o W W W s e M B omm oW W omr M A w B W W owr ow owr A W -

{1 a} ' =

24. Solve ‘for E.r ’

.

. _fi\ -

N N -y
Bma

? : Ry R Er =

'7'11-'!1 60k 40k
AAN

! =
(‘iab V) * 1
-
-
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25. Klrchhoff's Current Law may be applied to series-parallet cir-
cults and often provides the clue needed to answer a circuit
problem. [In this circuit, lT and I] are given, so finding |

. 2
Is a simple application of Kirchhoff's Current Law:

. Ro IT - ll - 'z‘f 0
4 . = Thte ,
ks - - =
= NS B | 3a la-i,=0
2z - '2 = () .
. Iy = 23~
.+ + Find tetal current.
A
e It =

- E R M M M M MmO S M M M gm M W R ME M R dm vy M am om w w - e s om = = om o=
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26. solve for ER!‘

2

(50 v)

27. Kirchhoff's Voltage Law applies to the serles portion of a serles-
parallel circult In exactly the same way 1t applles to a stralght
serles clrcult. 1In the diagram below, the source voltage Is
divided as shown by -the brackets El and Ez.

Es -E, ~E,=0

Jov ~ 50v - E2 = 0

E2 =25 v-




. source voltage.

tov - 20V = 0.

appears across It.

R3

Law equation In the lower left.corner, E
(The equation for the fI

Erg
10v

3
20v

g P.1. . Seven-|

28. What Is the vaiue of Epg [n this circuit? Eg, =

i

;

i -JJ:..S

%r

:‘L ¢ - o M= o e e m = - e mm e ammeem m.ee mmeE mm.mm———-
o]

} 29. The second configuration of the serles-parallel circuit Is just as

easlly solved when Kirchhoff's Voltage Law Is appiled.
one clrcuit loop contains only one resistor and full source voltage
The other loop has two resistors In serles across
‘In the second loop, starting a Kirchhoff's Voltage

?s; ?ggd:_EE?

Find the vo!taﬁe across Rl in the circuit shown bejow.,

_ Ry trg
K 18v
T s ;M ,
-1 r3
. R3
30v R1
= (45 v)
& - -
ey i
byl '
S g A 45

In this case,

=( or 30V -
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30. Solve for Ry.

, YWV
B . Ri3oka < M2 , Ry =
i 100k0 %

1Oma

of

P e v @ m @ m @ e om m' e e m Eom E Em Em B m m W o@m W e W E e om = = o=
L]

(50 &0}

31. .Using the methods learned, solve the following circuit for ER3‘
L LTS .

2 Ry Erg

. )
\ ‘ oL ome 20v Er3 ,

800

-

g ek S B ek ke kS S pl ek B ke ek Ak W M @ P @ ™ E W Em B @ E % OE m m om o

L) “

-
e

ey
5

RPN R T
- .

s

T ]

RRLLRS
+

N
'

S

®
¥
w
&

P I R

i e
vk

¥ k N ’ ‘
e . X s Pt n 5e L PO, A - *
— : a e B g fing -l " -
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32, Find the current through R2.

R L
o A

el
l‘ Erg
s Jd & 150 20v lgy =
e R
3 200
(0.5 or 500 ma)
33. Find the value of R2 in frame 32.
(R2 = 40 Q)
34. Solve for ERS‘ ER6 n
—"\\A~
R 250 Rg 250
Rs é Ry R
A fe 250 2304 250
T "200v
" l2 12.50
_W\f_

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWER - TEST FRAME 34

- - o W o m e m W Em om T omm om @ m om om T @B oW oaom S m m m m m m oW m

IF YOUR ANSWER MATCHES THE CORRECT ANSVWER, “YOU KAY GO ON TO TEST
. FRAME 38. OTHERWISE, GO BACK TO FRAME 18 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 34 AGAIN.

35. Power can be found In series-parallel circuits in the same
manner that It |Is found in series and parallel circuits. The
2
2 E
R, P = -T‘-and Pt = P] + P2 + ...+ Pn'
Always be certain that the current and voltage you use are for
the component you are working with.

i-
formulas are FF'= El, P = |

Find tihe power expended in R2 in the circult below.

" ANV
) Ry 250 P =
R2 Ry R2
L 7s 1004 1000
aNle
A)

-
- e e ke e S B o B o B B o m W B O m EE B e @ e m m o om m om " = o=

(Y%
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36. Now see If v~ understand what you have learned. Solve this

TOPNE

? €ircuit for R, 1, P and E (total and for each component).
L Place values in blocks below.
7 . !
L ry kr
b 150 20v
i
¥ B
3 ‘e i
R I P E
£ "} Total
R1 15af 4a
. R2 20 v
® R3 86 0
Req 283
__________ LR e e
R I P . E
Total {13.3 g 4.5a 1270w | 60 v
’ Rl {150 !4 al2e0w {60
. R2 08 {05a; 10w |20y
.
R3 80 g 0.5af 20w {40 v
. - Raq 283 1208 ] 0.5a] 30w {60

Rric, . . Low 49
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37. How let's try another problem. As you have seen, keeping\qour
figures in a block aids you in knewing what you are loonmg\
for and what you already have,

e Ly

AN
[ l| y i 3¢ % "
_L o Ry 250 )
=k 509 re
y{] %259
L
R 1 p E
Totat 2 a
R1 25 2 a
R2 50 0
R3 25 g
R4 : 25 0
Req 3 & 4
oq R2,384
R i p £
Tota¥ ‘{502 |2a |200w] 100
R1 %a | 2a | 100w]| 50v
g2 R2 506 | 1a 50w | 50 v
R3 2% | 1a %w | 25y
' K R4 %8 | 1a B wl 3 v
Req 344|500 |12 50w | 50
, Req 24334 l_:§ a | e [10w]| 50
) W _
RIC, 50
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38. Solve the following complex problem,

DTN
. R I P E
Total 250 v
) R1 100 @
R2 100 &
| R3 25 8
R4 50 9
‘RS . 100 @
R6 50 2
‘ R7 50 9
RS 50 2
N |re T 50 9
S R 182
K B Re(; 849
eq 6 &7
Re('] 3, 4,647
. Roq 3:.4: 5,687 J

Seven-1

Remember to break the
circuit down to its
simplest form,

. ASWERS GIVEN ON THE NEXT PAGE.)

(THiS IS A TEST FRAME,

COMPARE YOUR ANSWERS WITH THE CORRECT

43

51
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ANSWERS ~ TEST FPAHE 38

R 1 p 3
g " [Total ‘ 1250 2a 1500w | 250 v
Mo 1002 | 12 [100w|100v
R, _160 al 1a 100w 100 vl
R3 2591 1a’f 25w | 25v
R4 ’ 1 soaf 1 a! 50w | 50 v
RS J1woal 1a|100w |00 v
“ IRé 50-0 [0.5a N2.5w | 25 v
R7 502 10.5a [12.5w | 25 v
R8 50a| 12 ] 50w 50 v

RO 500 ] t.a| sow| sov|. °
Req 1 & 2 500 | 22| 200w | 100 v
Reg B &9 254 ] 2a{100w]| 50v
Reg 6 47 . 250 12| 25w ]| 25
Req 3» 4, 6 & 7 {1000 12 |100w|100v
Req 31 425, 6 87 500 ] 2a 200w | 100 v

IF ANY OF YOUR ANSWERS ARE INCORRRST, GO BACK TO FRAME 37 AND TAKE THE
PROGRAHHED SEQUENCE.

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY
STUDY ANY OF THE JTHER RESOURCES LISTED. |F YOU TAKE THE PROGRESS CHECK
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NZXT LESSON. |IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY. f

Uy
oo
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_ _ SUMMARY
. LESSON |

Solving Complex ‘Circuits
So fer you have studied series and parallei, circuits. These simple cir-
cuits are found in numerous electrical devices. However, in our moHern
society, most networks you will entounter will be more complex; théy .*

. * will consist of comt inations of series and.parallel configuratidns. -
Complex circuits are alsé caller series-parallel, or combination
clreults. ) . :

In this leston, we will develop some of the techniques that will -en-
able you to solve complex clrcuits.. Since most of what we have to

- build on are the ules for series and parallel circeits, let us re-

view these Important relaticnships. :

‘In a serles circuit, we found that:

T 1 2 3 ) .

= ]
E =E +E ¢ ?3 + ... ({Kirchhoff's Voltage

Ry = Rl +RZ +R3 + ... Law) \
o . . )
However, in a parallel clrcult, we found that:

. kY -~
= £
‘IT Il + I2 + 13 + ... (Kirchhoff‘s Current

. !
Ea = El =E, = 53 = ... Law)
- - I

R 1T—T1 1 i

mt*eetet o e

The last }elationship‘simpllfies under certain special conditions.
We saw that If all of the branch joads are of equal resistanca:

.o < fesistance of one reslstor
RT nuinber of branches

We also saw that for a two-brancf clrcult:

R, = R1 X R2
.- ' T~ RE + R2

We note that in all parailel circuits, Re Is always less than the
smallest resistor. N

For both seéies and parallel-circuits, the total power consumed is:

¢ . PT-PI+PZ+P3+|¢| Pno

t

- s 5
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In thid lesson, you will be confronted with complex circuits. 1%
Is helpful to redraw such circuits before analysis. In the circult
shown below, an equivalent resistance, Req’ for the pa[?llel network

can first be found:™ ~ ‘

- DS~

lt‘I y " © Req
—AAA—— ~AN I

FiN
Ea l . DS~

Determining I in the above circuit enables a determinatlion of the
voltage drop across the paraliel group of resistors represented by

. R . Once we have thls drop, we can go back to the originai network
and flnd each of the branch currents from Ohm's Law.

*
You may sometimes have Informatlon which gives all but one of the
potential difference values across the elements or groups of elements
In the series part of the circult. Here Klrchhoff's Voltage Law can
be used to find the missing voitage, and the balance of the circuit
. ¢a~ be solved, using Ohm's Law.

You will often find that the circult dlagrams for a system contain
more information than ydu need for a specific probiem. 1t may heip
If you redraw the section you are concerned wlth so that you can better
see the functions of these parts. One good way to redraw some part
of a system is tc follow the path of electron flow through the components,
drawing each one as you go. Be sure to inciude all the components and
Junctions Involved.

-
Try these practice problems to see if you have masizred the above

approaches. B
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Simplify the clircuit and find:

RTO IR].

—t——

iTO

R2® ——

ER]’ |

E

R}’ ——

R2° PT’

ERB’ I,

¥

Simpl ify the circuit and find:

* E

e RS® ——

Ist
* i *
(Y — R3" ——
R2® —eme Y —

R3* —— IRS’ —

Solve for R3.
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Answers:

1.

3.‘

2

: Rp= 300

IT =gla

ER] = 10 v

E,, = 20 v

R2

ERB =20 v

&,-309
'T = 235

ERI = 30 v
Eaz = 30 v
ER3 = 13 v

ER'-]- 12 v

R3 = 30 Q

lR! = la
IR2 = 667 ma
'R3 = 333 ma

PT = 30w

Saven-|
Simplification:
.I. ANV
—=_€o ® 100 Req
T 30v 20Q
_‘I;.!ﬂ u’
-~ 30v .
300
Simplification;:
AAN
J. '1 180
o ] Req
T 60V 300 €300
)
A
L muse
—twv 52
— ke Ry
300

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS

CORRECTLY, ‘GO TO THE NEXT LESSON,
INSTRUCTION UNT{L YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

4

L8

IF NOT, STUDY ANOTHER METHOD OF

36




R T g RS pwen s b cke g ate s e M
. g O . B
ol * [
N .

,2‘ o
B e

—

.
D s el s SRty 4.

. BASIC ELECTRICITY AND ELECTRONICS
) ‘ INDIVIDUALIZED LEARNING SYSTEM

-

e

LT L ek B
¥ A
e

¥

o
¢

“.
- el A S

T
i i
-t
I

MODULE SEVEN A
LESSON I

*r

Voltage Reference

Study Booklet




97&‘:{_";{;@»;‘:- AR L Ry T e T A

o AT *

5

8

L0

Overview Seven=1I1

i

. OVERV EW ‘
i . LESSON 11

T

Voltage Reference

S VLN W SR AL ViVt + P s,
. AT
o

In this lesson you will study and learn about the following:

B

o

-why we study voltage reference

[

- -negative and positive voltage )
. =polnt of refersnce '
g e -ground
-ground as common
~polarity of circult components
-obtdining negative and positive voltages
:‘; ) BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON
THE NEXT PAGE. ' '
38
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Study Resources T Seven- |1

%

LIST OF STUDY RESOURCES
' LESSON 11" .

Voltage Reference

To learn the material in thisulesson, you have the option of choosing :?l
g
according to your exycirfence and preferences, any or all of the following: .,

L]

STUDY BOOKLET:
Lesson Narrative
Programmed Instructiop ’
Lesson Summary . . )

ENRICHMENT MATERIAL : .
NAVPERS 93400A-15 'Basic Electricity, Direct Current.” '
Fundaﬁentals of Electronics. Bureau of Naval Personnel.
Washington, D.*.: V.S. Government Printing Office, 1965,

* o ™ - ¥
.

YOU MAY NOW STUDY ANY OR ALL-OF THE RESOURCES LISTED ABDVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.

ki
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, NARRATI VE
LESSON 1]

Vo[ggga Reference

Why We Study Voltage Reference

In your work In the electrical fleld, you will da.scover that some
¢lrcuit components such as electronlc tubes and transistors require
what we call négatlve voltage to operate them. .

Some circuits then, often complex configuratlons, are designed
to supply both positive and negative voltages. o

’

Negatlve and Posltlve Voitégg

Perhaps now you wonder If a negatlve voltage has any less zap than
a posltive voltage. The answer Is that 100 volts is 100 volts,
whether it Is negative or positive. The dlrectlonsof current

flow does not affect the feeling you get when you are shocked.

. Polnt of Reference

A posltive voltage means that the point from which we are
measuring has fewer negative charges (electrons) than the polnt to
which we are measuring, a'negatlve voltage indicates the reverse;
that Is, the polnt from which we are measuring has more negative
“charges (etectrons) than the -polnt to which we are measuring.

For example, if you place vour voltmeter probes across a.l2-voit
battery, you get a meter reading of about 12 volts. This means that
the negatlve terminal Is 12 volti more negative than the positive
terminal, or that the positive terminal 1s 12 volts more positive
than the negatlve terminal. The voltage Is consldered negatlive

" or positive depending on the location of your reference roint,

Reading across the battery,.we indlcate 12 volts positive with re-
.spect to the negative terminal. Or, we indlcate 12 volts negatlve
with respect to the positive termlinat.

In thls lesson we will learn how to establisk a common reference
polnt In a clreuit to supply the amount and polarity of voltage re-
qulred for partlcular loads. °

Grohndq

To understand how garound can be a common reference point in a clr-
cult, you flrst need to be famillar with what 1S meant by ground.

3y




Hafratlve . o , v Seven~ll
Frequently, In oleces of electrical equipment, the complete path
for electron flow Is not supplied by wires. Instead, a wire from -
the source may be attached %o the metal chassis or case of the equip-
nent as schematlcally indicated here.

Al

A
-

Notlce the symbol at polnt A which
Indlcates the wire ls attached or
grounded to the chassls. == Is

T2v

one schematic symbol used for ground.

Now the circuit can be grounded
to the chassls at point D as shown.
At flrst glance, it may appear as If

%c

D
3 » ¢ the clrcult 1s open between polnts
« A and D, but thls Is not so. In

: : o

¢

(g%?i

this case the ground symbols Indl-

2v cate that the path for current flow
A;IL ls completed by the metal chassis

- jtself. - o

B Thus current flows through the metal

chassis from polnt A to D and

I through the clrcult. A common exam-
Yav ple of wiring that Is grounded in
A.]; thls manner Is the wiring In your

aucomob!le.
e SN "L
Let's see how ground relatss to other parts of the clrcult. If
you were to take a voltmeter reading from ground (polnt A) to polnt B

In this clreult, you would read a 12~
volt difference In potentlal. Point B

s ¢ would be 12 volts more positive than
A ground (point A) because grgund;ipolnt
v A) 1s connected dlirectly to the negatlive
‘ [

A terminal of the battery. ~

-
-

In other Words, In thls schematlc at ground, or chassls, we have the
. same potentlal as we have at the negative terminal of the battery.

Simitarly, ground at polnt D Is at the same potentlal as ground at
polnt A. If you measured voltage from ground (point D) to polnt C,
you would have 12 volts across the load.

Equipment may be grounded to the chassls at almost any polnt on the
clrecult that the manufacturer chooses.

NOTE: These two symbols are used Interchangeably throughout this lesson

= /77

to represent a Eéference point, The symbol that looks llke a
"rake' 1s most commonly used to show a connectlon polnt to chassls.

53
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Ground as Common

Ground is_not aiways used to complete the circuit. Sometimes it is
used as a common reference point as shown in the two schematics

below.
Notice that figure (b) shows ground
with a forked symbol like this /47 .
i i % This symbol is frequently used to
T T represent chassis or common refer-
ence. All voltages are measured
é with respect to the common point.
o
a T b

In such cases the chassis or common is almost always considered to

be at zero potential. (If a metal chassis is not at zero potentlal,

we say it is floating.) i
If a technician were measuring the
output voltage of this circuit, he
wouid clip one voltmeter probe-on

¢ the chassis itself, and then move
the other probe to the points he
wished to measure with respect to the
chassis. With the second probe at
polnt_A, he would measure a differ-
ence In potential of i0 volts,

] (Observe that the voltage drops

- across Rl and R2 would both be 10

L . . volts.) Notice that point Ais 10

volts positive with respect to the

chassis.

Now if the technician moved the probe to point 8, he would read a 20~
volt difference In potential " With respect to the chassis, point 8 is
~ 20 volts positive. i

Polarity of CircuiE Components

Observe in the clrcult we have just been measuring that Rl and RZ are
labeled according to polarity. You will recall that the end of the
load that current enters is deslgnated as negative. The end fiom
which current leaves is designated as positive.

62
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Label the polarity of the resistors in this schematic.

s
R
A 100
T 20v A
R2
[+ 4]

'l""

»

The. polarity signs should-be the reverse of what they were in the
preceding schematic because current is flowing in the opposite
directlon now.

With respect to chassis, what do you think the voltage and po-
larity would be at point A?
« + + + + . at point B?

Point A is 10 volts Negative with respect to the common reference -
because ground is now on the positive side of the source, and

point A is 10 volts less posltive than chassis. Point B is 20 volts
negative-with respect to the common reference.

Obtaining Negative and Posltive .Voltages

Let's see now how we can get both negative and positive voltages
from the same circuit. o

In. the following schematic, what will the voltmeter measure
across R1? Across R2? Across.both Rl and R2?

[ 4 R] n
ry © RZ =
b - 1y] + =
T2y b Rl + RZ
R2
502 a

0f course Rl will be 6 volts and RZ will be 6 volts., Across Rl and
RZ together the meter will measure 12 volts.

Now take the same circuit and add ground as a reference at point

B, then read voltages.

55 63



Narrative Seven=-1i|

Suppose we place chassis ground at

point B. With reference to the chassis,
we find that point A is 6 volts negative -
because point A is (n a more nega-
tive position -In the circuit than
is the chassis.

v

Now [f we measure from the common
reference to point C, the .neter will
again Indicate 6 voits. At point C,
however, it Is 6 volts positive with
respect to chassis.

You have seen how the same circuit can supply both positive and
negative voltages with respect to a reference point == in this
case a -6 volts and a +6 volts.

Always remember, as you measure toward the negative terminal from

the reference point, your voltage will be negative with respect to
common zero reference. As you are measuring away from the negative
terminal, your voltage will be ppsitive with respect to commn ref-

erence. -

.o Study this schematic, then:
1. determine tha voltage drop
across each resis%or.

2. state the voltage at rolnts
A, 8, and C, and whether they
are negative or positive with
respect to chassis.

At point A

At polnt B

At point C

You should have determined from what you have )Jearned about volt-
age reference that point A is 20v negative with respect to chassls, .
point B is [0y negative, and point C isT10v positive.

In the pext lesson you will learn how networks are designed to sup- .
ply loads that require these positive and negative voltages.

64
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Pract|ce "

With respect to the chassis, what
Is the voltage at:

polnt A?

point 87

I3

point C?

polnt p?

Answer - Polnt A = «5Qy Point 8 = =~30v Point £ = ~10v
Polnt D = +10v

-

AT THIS POINT, YOU MAY TAKE THE PROGREJS CHECK, OR YOU MAY STUDY ANY OF
THE OTHER RESOURCES LISTED., IF YOU TAKE THE PRC.KESS CHECK AND ANSWER
ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY
ANY HETHOD OF ENSTRUCTION YOU WiSH UNT{L YOU CAN ANSWER ALL THE QUES-
TiONS CORRECTLY.

57 65
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PROGRAMMED [NSTRUCTION
LESSON 11~

L]

Voltage Reference

THE TEST FRAME 1S 24, AS BEFORE, GO FIRST TO TEST FRAME 24 AND SEE IF
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTSONS GIVEN
AFTER THE TEST FRAME. :

1. You will recall that to measure a voltage there must be a dif-
ference In potential.

Select the meter or meters measuring a difference of potential.
B .

yYyww

<
:

A, ¢}

2. To have’a difference of potential, one polnt must be more or less
negatlve than another polnt.

-

Point A is negatlve than point B,
more/ less |
R B
——— ANV
A )
{less)

N 58
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3. When measuring voltage In a circuit, we measure a point against a
reference.

The polnt in a circuit against which other points are compared
1s known as a/an .

- - - el L - - -y wm AR wm wm M A wm mk wm '- - A W "™ am o - A mk W A o s W ok o

{reference)

-

4. Most electronic equipment uses the chassis as a common point of
reference.

"
-

Hhen measuring voitage in a piece of electronic equipment you
use the as a reference.

A M M W e W M % e W v o s Sy o W T S mk o W o M S o wm w mk mk wm mk - e o

-

\’(chassis)

5. The schematic symbol for a reference point is a series of parallel
lines in the shape of an arrow head.

» Which of the following is the symbol for a reference point?

{c)

6. This common reference point is known as ground.

Draw the schematic symbol- for ground.

s 67 '
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7. Uslng ground as & common_polnt makes the drawing of a schematlc
much simpler as shown below.

i formal Clrcuit . ‘ . Usling Ground

4

FTN Y
ol £ A &
A YT ¥y
vwwww
Y
b A Al d

—
P

- Redraw the following circult using-around as a common ég}nt.

.w
p .
2 3
L »
< >
T T - %

- O e o e dm e T o o o o o e o T e M oy o M o dm e e A e E o o o om

.

NOTE: These two symbols are used Interchangeably throughout this lesson

o

—
+ - -

to represent a reference point. The symbol that ‘ooks like a

Vrake' 1s t commonly used to show & connectfon polnt to
chasslis.

6%
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8. - Current actually flows'through the chassis between the ground
connections.

With arrows show the direction of current flow through the chassis
in the below c¢ircuits,

A

L+, L

Tw 1

. 9. Another schematic symboi frequently used for chassis grounds
looks tike a garden rake.

Sefect the schematic symbols for ground.
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( 10: Let's dIscuss another use of ground connections.

me -

. )
: ’ ' s? D
i .

£t - " hav

: o

.

. — &

A=

- N tf you read voltage from ground {point A) to point B you wiil
" ~read 12 volts. Point B will be 12 v positive in respect to ground
N: (point A) because ground (point A) is on the negative side of the
A battery.

Point D would measure what voltage with respect to ground {point C)?

S

{12v positivel

11. What is the diffe‘ence in potential between ground (point A) and
ground (point €)7

.
-

R R s i
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12. Since ground is used as a reference po'int with which all other*
' points In a circuit are compared, it is said to be at zero poten-

| tial and can be placed anywhere in the circuit.
|

*1:‘5
;‘. Fo¥ example: ade ::_-._.:___
“l » *2:5 b
4
1‘,"3 —
» Draw ground as a reference between R2 and R3. B
‘l.
L
R}
. < R"
onﬂn—-‘ Rﬁ. -
Rs? ‘ -
i }

] 63 1
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13, Now let's see how moving our reference affects the voltage in a
clrcult.

»

-
-

— 13V

(2]

L

1

»
ARG A Bla s o aad b
TN T ew v T YrTYy Y

- |

In the above circuit you can see that each resistor drops 5v.

o

Measuring the voltage between polnts A and €, you would pead ___ V.

- e W m wm E m m e W W o W e o L I R L T TR T R R - o -

(o}

14. With ground at polnt C, what voitage would you read between

rolnts A and C7 .
. ‘A . -

—— 13V

{10)

15. What woltage would you measure betwzen piint A and D in the I1lus-
tration In frame 147 v

- A N ™ m E Er o W B AR e g ey S A s o m W o™

__t5)

~F
Lo

g&




.1, . Seven-||

16. As you can see, the ground does not affect the voltage drop across
the reslistor. But It does allow us to have positive and negative

voltage. .
. A
Fl »
5V 3
L s
B sv :E
"‘
&
d sv 3
- ::
" . '='
?
B In the clrcutt above, since the reference-(gnound)ols at the most

negative point in the circuit all voltages measured will be positive.

if the ground were moved to point A, what would be the polarity of the
voltages measured?

{negative)

e
=
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17. To aid you in understanding what polarity you have at any
point in a clrcuit, vou mist assign pcolarities to the circuit
component .

(Remember that a negative polarity is assigned to the end of a
component where current enters, and a positive polarity is as-
signed to the end where current leaves.)

Label the polarity of the components in the following clircuit.

1)
yywww

R, |
'3

Note: Even though the lower end
of Rl is marked + and the upper

end of R2 is labeled - they are

at the same potential.

anbhnhik
b b b
-

+

FETTTY
TYyrY
L
»

18. Now let's take the previous circuit and place a ground between Rl
and R2.

Usirg around as a reference, what is the magnitude and poiarity
of the voltage at point A7
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Refer to the illustration in frame 18, What is the magnitude and
polarity of the voitage at point C?

- aE W am Em W W o o E S an o am mm W e mm T Ak M R M e em A W W W o M W Ak W W

C*'OY)

20. In the illustration in frame 18, what is the voltage between point
A and C?

(20v)

2], Use the following schematic for frames 21 through 23.
A

4
p
-
4

bk b

‘s"“TZL_

b
>
3
y

PR T ay F T e

3& 3% g»

. D .

As you can see, polarity of voltage can only be stated with re-
spect to a reference. |In the above circuit, ground is the reference,

What is the polarity and maqnltude.of the voltage at point A?

{=20v)

22, Determine the voitage polarity and magnicude at point D.

- wm M mm ode AN g o e s T o e T o o mm S mm S S ap e o e PR e o = e omm

(+10v)

23. Determine the voltage polarity and magnitude at point B.

:;

67 :755
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24. State the voltage and polarities as indicated with reference to
ground.

a. Point A
b. Point 8 _

c. Point C

d. Point D

{THIS 1S A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS
GIVEN AT THE TOP OF THE NEXT PAGE.)

i

I
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ANSWERS - TEST FRAME 24
a. =20v
b. +20v

c. +hov

e W AR 4% B mm s M o ms WA W m em oA A ER s e A as  em ms W s AN gn AN A &8 s & an A

- IF ANY. OF YOUR ANSWERS 1S INCORRECT, GO BACK TO FRAME 1 AND
TAKE THE PROGRAMMEO SEQUENCE.

If YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK,
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD

OF INSTRUCTION YOU WISH UNTi. YOU CAN ANSWER ALL THE QUES-
TIONS CORRECTLY.

3
\'!’

&9
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‘ . SUMMARY
LESSON {1 -
'Voitaggfheference

In your work with complex circuits, you will find that some points

in a cifcult require a positive voltage, and others require a negative
voltage or potential difference. Basically, a negative vol tage is
merely a difference In potential observed from a different point,
whereas a positive voltage means that the point from which we are
measuring has fewer negative charges (etectrons) than the point to
which we are measuring. A negative voltage indicates the reverse;
that is, the polnt from which'we are measurirg has more negative
charges (electrons} than the point to which we are measuring.

Consider the circuit below.

: ] METAL CHASSIS
)

Two new elements are included. One is labeled S8, and is a jouble-pole,
double-throw switch; the other is the metal chassis that the circuit
rests on. Note that if § is thrown to the right, the top of the
resistor {s positive with respect to the end connected to the metal
“chassis. However, if § Is thrown to the left, the top of the resistor
is negatlve with respect to the other end. If E.were 100 volts and
you touched one hand to each end of R you would recelve as great a
shock from the positive voltage (S to the right) as you would from
a negative potentlal difference {3 to the left).

There are advantages to establishing a common reference polnt in a
circult such as the metal chassis point shown above.

Historically, one of the earllest and most often used references of
this type was the earth itself, or ground. Consider a type of teie-
graph system shown at the top of the next page.

Every time § is closed and opened, the light bulb at the other end
flashes. Note that the circuit may be quite long, and oniy one wire
is used, tuus saving on materials. Effectively, when § is cTosed,
electron current flows from the cell through the switch, long wire
and lamp to the ground at polnt D to point A, completing the circuit.
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~(in actual practice, all that is necessary is that electrons flow
from the earth into the circuit at point A and to the earth from
the circuit at point 0.} .

As alreudy mentioned above In our double-pole, double=-throw switch
experiment, ground itself is not always used to copplete the circuit.
Somat Imes the metal chassis on which a circyit rests is used as a
reference point, or artlficial ground. It can be placed at many
different points as shown in the simple case below.

e By definition we usuzlly consider the earth, or the local metal chassis
or common contiection point, to be at zerp potential. {(If a metal chassis
is not at zero potentlal, we say it is floating‘)

The three figures shown above can be used by design technicians by appiy~ _
Ing the strategy l. reverse. Depending on where the ground is placed, =
we can obtain various sources of nepative or positive potentlal.

In the clrcuit shown at the top of the next page, where would you place
the common or ground connection to make point A i0 volts negative with

respect to the chassis?

-
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Answer - Since there are 30 volts applied to an of 300, each re-
slstor has a voltage drop of 10 volts across It. Since we
desire point A to be 10 volts negative with respect to the

. chassis, we would place the common chassis connection at
point B,

Where would we nlace it if we wanted point A to be 30 volts negatlve

with respect to the chassis? How could we make point A 20 volts posl-
tive with respect to the chassis? ’

- Answer - The common chassis connectlon would be placed at point D;
point A could be made 20 volts positive by placing the
connection to the chassis at point C, after reversing the

leads to the battery, thus changlng its polarity with res-
pect to the rest of the circuit.

NOTE: These two symbilinare used Interchangeably throughout this lesson

[rr—
-

. to represent a reference point. The symbol that looks like a

"rake'' Is most commonly used to show a connection point to
chassis. , .

-

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, ri YoU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED [NSTRUCTION {R BOTH.
If YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERViEW
C- LESSON 111 i

Voltage Blviders

In this lesson you will study and learn about the following:

-voltage supply
-no load conditions
=load conditions

-deslgniug a voltage divider

L L '.
BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON

THE NEXT PAGE.
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LiST OF STUDY RESOURCES
LESSON |t1

Voltage Oividers

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the foliowling:

STUOY BOOKLET:
Lesson Narrative
Programmed Instruction

-

Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1s 'Basic Electricity, Oirect Current."
Fundamentals of Electronics. Bureau of Naval Personfpel.
Washington, 0.C.:-U.S. Govermnent Printing Office, 1965,

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTEO ABOVE.
TAKE THE PROGRESS CHECK AT ANY TIME.

*
L]

!
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HARRAT 'z
LESSON 111

Voltage Dividers

A Voltage Supply

when we need specifled voltages or a specific voltage magnitude
and polarity to operate compenents or equipment, we often con-
struct a clreuil which Is calied a voltage divider. A power
supply frequently contains a voltage divider. A voltage divider
is a series-parallel circuit.

No Luad .

" Let's design a voltage divider to provide three voltages from a

30-volt battery. The voltages wanted are -20 volts, ~10 volts,
and +10 volts. This circuit should provide these outputs very E
nicely. - |
A)

Load fondlitions

Now look at what happens when you use one of these outputs to
operate a load. Assume you need +10 volts to operate a 10-ohm
load. When the load is connected between the +10-volt connection
and ground, It is In parallel with R3. Solving this complex
circuit for load voltage shows: that it is less than 10 volts.
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You can now see that designing @ voltage divider without considering
the load resistance (or current) does not work.

Designlng a Voltage Divider

Assume we begin by knowing oniy that we have 3 series circuit with
three resistors and an applied voltage of 2k volts. We want to
furnish voltage to two lamps, a 12-volt lamp and a 6-volt lamp.
The 12-volt lamp will draw 8 milliamps of current; the 6-volt

. lamp, 2 milliamps.

We need to find what value of resistors will do the job.

Ds2
12V

We plan to add the 6-volt lamp across R3
because it requires Jess voltage than
the 12-volt lamp.

Note: The schematic shows the new branch

running to chassis {(grounded to the chas-
sis) where current makes a complete path
through the metal case. It could also be
drawn with a line indicating connecting
wires,

Now we add the 12-voit lamp across R2
and R3 as shown. It is also grounded to
the chassis.

The 6-volt lamp draws 2 milliamps, so we
can write that on the horizontal line as
shown. The 8 milliamps that the 12-volt
lamp draws is written on the proper line.
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Notice that we now have a voltage divider consisting of RI, R2,

and R3. The lamps, DS] and PS$S2, are the load resistances. One of
the divider resistors nas none of the load current flowing through

This resistor is designated the bleeder resistor.

it.

In this network, R3 is the hleeder
resistor.

There are three steps to follow in order to design this vo.tage
divider network once the load voltages and- currents have been

-

determined.
"//

Step One: ODetermine Bleeder Current.

-
-

( irrent drawn by the bleeder resistor is usually 19% (1/10) of the
value of the sums of the load currents unless stated otherwise.

lost * Tpgz * 108 = i3

Bma + 2ma x 10% = Ima

Also, we know that the bleeder resistor, R3 is in parallel with
the 6 volt load. If we need 6 volt; across the load, then, ER3

must be 6 volts.

Using Ohm's Law, determine the resistance value of the bleeder

resister.

R3 :

Bleeder resistor is determired to be 6 kilohms.

7e S6
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. Sieg Two: Determine tho Needed Value of R2.
o ? R;
Al Sma
g e 24y R2
\ ps2
; x [ 2ma 12v
e , : 3 DSt
" &k 6w
;' P = S Im

— - ——
- - 3 -

: Now we nced to Know what value resistor to use for R2. We zan
solve for R2 by Ohm's Law if we know the current through this
resistor and the voltage drop across Rz,

At point B, current through DS! (2 ma) joins current through R3

() ma) for a total of 3 milliamps flowing through R2. Looking

at the schematic we see thai the 12 volts to supply the second

load is tapped off across both R2 and R3. We know that the voltage

across R3 is 6 volts. For the voltage across R2 and R3 to equal
12 volts, the vol!tage across R2 must also be 6 volts.”

P o

if ER2 is & voits and 'RZ is 3 milliamps, what is the value
of R2?7

You should have found that R2 needs to be 2 kilohms.
Step Three: Determine the Needed Value of Rl.

We find the value of Rl in the same way we soived for RZ -- de-
termine [R] and ER] and apply Ohm's Law.

3

—
——
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Recall that we have 3 milliamps going through R2. At point A,
this current joins with the 8 milliamps through the second load
to be a total of 11 milliamps through Rl1. Then ;RI = 1] milliamps.

Voltage drops across K2 and R3 equal 12 volts. The applied voltage -
is 24 volts; therefore, the remaining 12 volts must be dropped across
Rl. Then E 1 < 12 volts.

12 v _ 2
11 x 107 a

R

By Obm's Law Rl = = 1.1 k@

11 ma

R] needs to be a 1.1 k@ resistor.

We have designed a voltage divider that will actually supply
6 voits to DS] and 12 voits to D$2 by fallowing these four

Determine bleeder current.
Determine the value of R3.
Deterniine the value of R2.
Determine the value of RI.

_If the circuit had more or fewer resistors, there would k2 more
or fewer steis, of course. The objertive is tno determine-the
correct valu: neceded for each resistor in the circuit to supply
oudtput voltajes as required by the ioads.

Now see if you can design » voltage divider for the foilowing:

D

a §0~volt lamp that draws & milliamps
and a 100~voit lamp that draws 15
milliamps.

Bleeder | =

R3 =

R2

R1

Your divider shotld lock like this:

"
4.5% ¢ Bma

Bleeder | = 2 ma

i =2 ms

R3
Eg

A
vy

3 = B0 v
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or thils:
lpz = 7 ma

L

2 ® 50 v
4.5k9§l|

ER

1Bma R2 = 7.14 k@

@mzmng'n:,

JOOv =
@ ER] 100 v

ukngns Sov gy = 22 ma
Rl = 4.5 ko

——
— — —
- - .

By working out the quantities for the voltage divider befbw,
find E_. :
a :

2kﬂ%l1 Load Current = 50 ma
25mo Bleeder | = 5 ma

.Fah =
Bpa = ...

Epz =

Egy =

E w
a

Your answers should be: EM = T0v
, ER3 = 75v
ER.‘ = G0v

€

Ea = }ZSV

= L0V

#ow suppose you need to design a voltage divider to supply both a
negative and a positive voltage. Your procedures are the same &
for designing any other voltage divider, except for locating ground,

ANy AN VS



Narrative

Ds$t ground necessary in this clircuit
30v to obtain a negative 20v at point

‘ J- Indicate the placement of chassis
@ € and a positive 50v at point D.

in order to get a ~20 volt output and a +50 volt output you should
have placed your reference as shown below:

l S

T

Soive for the value of Rl ip the circuit shown above.

Rl = -

To solve for Rl, you must determine current thru R2. If s0v
is droped across DSi, then ER. iust be 2GV. R2 has a resistance
of 5Q; so IRZ = 4 amp .

< bS] draws 4 amps. It gets 2 amps

Py from the current flowing through load

Ry psy R3. At point B the 2 amps flowing

=20v +30v through R3 join with 2 amps of the 4

T Al 20 s | 40 amps flowing through R2, The other
20 1 2 amps from RZ flcw through R1.

50 v

LP —é 2«-}

IR] then is 2 amps and ERI must be 50 volts to supply the load.

50 v

By Ohm's Law, we can culculate that Rl = 2

or 25 Q.
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Problem

%

If switeh S Is ¢losed, what will happen ! the following:

(indicate with arrows)

A.swers:

. Py
AT THIS POINT YOU HAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. [F YOU TAKE THE PROGRESS CHeCK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSOM. |IF
NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTEL YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCT ION
LESSON 1t

Voltage Olviders

TEST FRAMES ARE 15, 23 AND 28. AS. BEFORE, GO FIRST TO TEST FRAME |5 ANO
SEE |F YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE OIRECTIONS
GIVEN AFTER HE TEST FRAME. )

LY

Recall that difterent polarities of voltage can be obtained by
varying the common .reference in the clrcuit.

{
(ground;

-

As you have already learned, a series circult can provide various

voltages depending upon where *the voltage |s taken from.

How meny voltages could be provided by the following clrcult?
Assume ground is always part of the load circult. ]

___ (three)

2
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Refer to the previous diagram. What is the voltage magnitudé and
polarity at polnts A, B, and { with o loads connected?

A,
B.
C. )

_-.--p.u.------"__--ru-_-..--...-..-...—_--

', "

(A. +60v; B. <+55v; C. +A5v)
. N\ .
As you can see, various magnitudes and polarities of voltage can be
- supplied by a simple series circuit. This is the purpose of #
voltage dlvider. ) .

State iherpurpose of a voltage divider (in your own words).

{To supply various polarities and magnltudes of voitages.)

-

in tts simplest form, a voitage divider consists of & simple
series-paraliel circuit. The parallei portion contains the load
(bS!) being supplied. -

Circie the load in the following:

=

L.
I
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6. First let's take a took at the series portion of a voltage divider.

Solve for:

Ry

{a. 0.5a or 500ma; b. 25v; c. 50v; d. 0.‘53; e. 0.?&7 -
: . !

¥ ’

7. This conditlon with no load connected Is known as the no-‘-loa‘d
conditlon.

&

) Which of the following dlagrams shows th‘e no-lcad cond|tlon?

A ' )

————
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[
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4
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-

Using. the same clrcuit, let's see what héppens'wheﬁ a load is
attached. .

Solve for:

a. '-j--a'_
b. E,. :
T % i ERI -
. Epye
; d. E oAD"
e. IRI'
<4 % F. igg- ‘
9. o,

: _ - | . .
(3. 0.75a or 750 ma; b. 37.5¥: c. 37.5v; d. 37.5v; e. 750ma;

9.

f. 375ma or 0.375a; 9. 37Sma%or 0.375a)

‘As you have seen, connecting a load to a voltage divider changes

the output voltage. <

Use arrows to -show what happens when the load is conpected,

-:Lfb e By
- ! {oud
A i XL .
Y A, o e e e e e e e e e e e e e e e
?

la. +; b. ¢)
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10. The reststdf? R2 in the below clrcuit is known as the bleeder
resistor.

P,
Circle the bleeder resistor.

8

H

II. The bieeder resjstor is a reslstor in the voltage divider network
through which none of the ioad current flows.

Solve for the current flowing through the bideder resistor usder
no-load conditi_on.

]

{1 amp)
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12. We have discovered that the voltage available at a given point un-
der no-load conditions is not the same as the voltage at the same
. point when @ load is attached. (Note: This is true only when
there is 38 resistor through which the load current will flow be-
tween the point where the load is attached and the source.} It
becomes apparent then that @8 voltage divider must be designed to
supply @ 3iven load. :

. Let's see how this is done by designing 8 voltage divider to sup-
. ply 8 load drawing 10 ma requiring a voltage of 24 v.

First the current through bleeder resistor R2 is determined by
. knowing that IR usually is 10% of the value of the sum of the
load currents unless stated othérwise.

Second, find the resistance value of bleeder resistor RZ.

Find IRZ'
Find IT.
Find Rz.

- W o M W o W o M m m ™ om m mr o m m m m m m m m m o m m m om m mr om ™ o om ow

(iT = 11 ma) First, 10% of 10 ma = 1 ma. Next came the naed to
use vour knowledge that current in parallel branches join and are -
added to become itotal current.

IT = IR2 + load current

y=1m+10ma=11m

(R, = 25 K@) You had to do a little thinking here. You had to
firfst remember that the branch voltages in a parallel network are
the same. Then you had to use Ohm's Law to find RZ'

_ 2hv
R " Twm ~
R2 = 25KQ
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13. Kirchhoff's Vol tage Law (Es = Epy - Epg = 0) enables you to find

R1
the voltage drop across Ri.
Solve for ERI:
{(12v}

14, Knowing ]T and ERI enables you to determine the value of Rl,
. solve for'Rl:

RI

90
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15. Determine the value of reslstance for Rl to supply the indicated

- BN

(THIS 1S A TEST FRAME. COMPARE YOU ANSWERS WITH THE CORRECT ANSWIRS
GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS ~ TEST FRAME 15

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEsT FRAME
23. OTHERWISE, 60 BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE

BEFORE TAKING TEST FRAME 15 AGAIN.

16. You will work with voltage dividers which are used to supply more
than one ‘load. They are solved in the same way as the simple
vcltage divider you just solved. Let's go through op. step

by step.
-[ n%
=s 1
¥Oov § 1me WOv
Ry o R3 =
4 ‘:T*]
’33% bgﬂd = "
{25 k@)

Ly
92
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. You now know the bleeder current and the current though load 1. /

1 | 12Zma WOV

;:-ﬂhbv r_.___.‘y_g______.
.1_ H =
22 gma 50v R2

- _ load 2 ;
. Rag 25k £ toad
< 1| .

e

i

————————————————————————————————————

(10 ma)

18. The voltage drop across R2 can be determined by. application of
Kirchhoff's Voltage Law.

T 190v -12ma 100V
—ed—o .
) . R2
- gma 50v [:]%g?ji:] .
MZaske E T
€y ™ ELono® - ELono!
ER2 w {00 v - 50 v )
ER2 = 50 v) .
'S
&
- d;'
) 93
101 o

\I
|




T 190v .
) Rﬁ;“? 30v
..
8ma 30v load 2 Solve for E

< !Ra R}

]

- o o o M o o o om W omk e E m m o m m wr om W

(90 v; Ea - ELOAD 2) .
-
20. Using the current through R2 and LOAD 2, total circuit current can
) be found. .
‘Sotve for IT .
IT = o
(22 ma) - \
21. Now solve for the value of Rl, using the Information in the above
circuit, ‘
Rl = .
e afe s m e o e e e e . - u e L amEmo m o f e a e ,e ..
(4 k) )

*y

19
o o -
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Bleeder |
Eay =
ER3
E

R2

Eat =

E
a8

(a. 10ma; b. 50v; c. 150v; d. 180v; e. 220v; f. 600v)

L

23.’ﬁ§fng the partial schematic below, design a voltage divider sche-
matic having a source voltage of 35v that will furnish:

DS1, a 12v lamp drawing 2 ma, and

$2, a 2hv lamp drawing 8 ma.

ety

.
S

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT. PAGE.) -
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g&hsusas - TEST FRAME 23

R 3
- =t 3
T 38v
- *
R3 DS 2
L

(1]

----------------------------------

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY -GO 30 TEST
FRAME 28, OTHERWISE, GO BACK TO FRAME 16 AND TAKE THE PROGRAHMED

-SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN,

\
24. As you learned earlier both positive and negative voltages may be
obtalned from a single voltage divider by placing a ground in the
clrecuit as a reference.

Solve for vofiage and pelarit

s Polnt A
50v
Peint C

Ll

__________ﬂﬂ:__
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25. solve”for the magnitude and pgiarity of voltage with respect to
ground. ’

26. Solve for magnitude and polarity of voltage with respect to ground.

load1

kg
E\ ono-1 ©
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27. Using the methods learned, solve the followtng for magni tude and
polarity with respect to ground:

>

AdALAA

= -100v; E = +200v)

RL1 RL2

28. In the schematic below, determine the value of Rl and indlcate the
placement of ground required to supply thé loads as indicated.

-50v joad {2 amps), and
+100v load (3 amps)

(TH1S 1S A TEST FRAME. COMPARE Y(. ANSWERS WiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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» . .

IF ANY OF YOUR ANSWERS 1S INCORRECT, 60 BACK TO FRAME 24 AND TAKE
THE PROGRAMMED SEQUENCE. y

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS :IcK, OR YQU
MAY STUDY ANY OF THE CTHER RESOURCES LISTED. IF YOU TAKE THE -PROGRESS
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YQU HAVE MASTERED THE
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR LEARNING
SUPERVISOR. ’

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR.IF
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION .
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS -
CORRECTLY. THEN SEE YOUR LEARNING SUPERYISOR AND ASK TOQ TAKE THE
MODULE TEST. '
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SUMMARY
LESSON 111

Voltage Dividers

When voltage of a specific magnitude and polarity is needed to operate
components or equipment, we often construct a circuit called a voltage
divider. 1t is usually a series-parallel circuit.

Let us consider the values for a voltage divider needed to supply
voltage and current for two small loads, DSI and DS2. The circeit may
took'like this: -

First, w2 must determine the load requirements. FEor this examnle, DS]
is a 6~volt tamp which draws 2 milliamps and DS2.is a lamp that requires
12-volts and draws 8 milliamps. The applied voltage. (E_) is 30 volts,
-and IR, usually is 10% (1/10) of the value of the sums af lost and IDsz
unless>stated otherwise, @

kl

Ry
12v 8ma

-6V_2ma @os 2
.ltal @os .

L

From this information, you can find 1, (1 ma) and R3 (6 kilohms) by
using Ohm's-Law, IRz.must be the sum éf IR and | 5| {3 ma). E_, is
equal’to-the djfference of EDSZ and ER3’ asing ORm s Law, R2 is found
to be 2 kilohms. -lp, Is the Sum of Io7 and 1., ( 11 ma) and £, equals
30 v - 12v (18 v). So Rl must be 1638 otms 1821700 ohms resistor would

be used. .

Because the current flowing through R3 does not flow through the loais,
it is called bleeder_current. F~ is called the blegder resistor.

]
¥




Summary Seven=[11

To review the procedures in finding the values for a voltage divider,
the following steps are used. o

1. Determine the load requirements, soufce voitage, and bleeder
resistance (current).

2, Calculate the resistance needed to provide the voltage for the
second load. -

3. Reoeat step 2 for each additional load.

4. After the divider resistor value for the last load is found,

: subtract that load woltage from the source volitage. Using

Ohm's Law and total current, find the resistance value needed
to drop this difference.

+

Apply this methqﬁ to find Rl in the circuit shown be low:

> ']
—L g 130v 12.5me
T 250v
R2
73v Ioadiw
. R
3 load ?
= = = =
R} = 5 KQ

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY \MH‘““qx
THE LESSON NARRATIVE OR THE PROGRAMMED [NSTRUCTION OR BOTH. [F YOU
TAKE THE PROGRESS CHECK AND ANSWER ALtiL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. [F NUT, STUDY ANOTHER METHOD OF INSTRUCTION UN-
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY,

it 09




